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Abstract

Objective: We investigated the influence of methylenetetrahydrofolate reductase (MTHFR) C677T/A1298C polymorphisms

on the survival of pediatric non-Hodgkin lymphoma (NHL) cases in south China treated with the modified Berlin-Frankfurt-

Münster 95 protocol. Methods: We reviewed the medical records of 374 patients newly diagnosed at our center between 2014

and 2020. A subgroup of 158 patients was genotyped based on polymorphisms C677T and A1298C. Results: Overall, there were

283 male (75.7%) and 91 female patients (24.3%); the median age was 9 years (range, 1–18 years). The tumor types included

Burkitt lymphoma (BL; n = 180), lymphoblastic lymphoma (LBL; n = 95), anaplastic large cell lymphoma (ALCL; n = 64), and

diffuse large B cell lymphoma (DLBCL; n = 35). At diagnosis, 327 patients (87.4%) had advanced-stage disease; 159 (42.5%)

and 152 patients (40.6%) were stratified into the intermediate- and high-risk group, respectively. Seventy (18.7%) and 36 cases

(9.6%) had bone marrow and central nervous system (CNS) involvement, respectively. The median follow-up time was 28.5

months (range, 1–76 months); complete remission rate, estimated 5-year event-free survival, and 5-year overall survival rate was

86.1%, 74.2%, and 85.7%, respectively. The C677T variant allele was correlated with favorable survival in BL/DLBCL, while

ALCL, CNS involvement, advanced stage, and intermediate/high risk were associated with poor survival in NHL. Conclusion:

Analysis of the C677T polymorphism could be used for survival prediction and potential risk stratification for further treatment

protocols for Chinese pediatric NHL. Further larger studies are needed to verify the clinical value of the C677T polymorphism.

1. INTRODUCTION

Non-Hodgkin lymphoma (NHL), the fourth most common malignancy across the pediatric age spectrum,
is a heterogeneous group of lymphoid malignancies.1, 2 In children, NHL comprises of four main categories:
Burkitt lymphoma (BL), lymphoblastic lymphoma (LBL), diffuse large B-cell lymphoma (DLBCL), and
anaplastic large cell lymphoma (ALCL).3, 4 The current overall survival (OS) rate of pediatric NHL is >80%
due to dramatic progress in developing risk-adapted curative therapy.1

Folate is a vital coenzyme in DNA synthesis. Methylenetetrahydrofolate reductase (MTHFR) plays a key
role in intracellular folate metabolism by converting 5,10-methylenetetrahydrofolate (5,10-MTHF), to 5-
methyltetrahydrofolate (5-MTHF), which is the major circulating form of folate and is essential for pro-
tein synthesis and nucleic acid methylation.5-7 The two most extensively studied single-nucleotide po-
lymorphisms (SNPs) of MTHFR concerning NHL risk and treatment outcome are the C677T variant
(Ala222Val, rs1801133) and the A1298C variant (Glu 429Ala, rs1801131); both dampening enzyme activity
by 40-70 %.5, 8, 9 Many studies have investigated the relationships between polymorphisms in the folate-
metabolizing MTHFR gene and NHL. Several case–control studies have shown that the correlation between
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C677T/A1298C and NHL risk could be modified by ethnicity.10-15 Moreover, MTHFR gene variants play a
significant role in the outcome of patients with NHL. Nevertheless, conclusions remain inconsistent. Analysis
of polymorphisms in the folate pathway genes might help to reduce chemotherapy toxicity and improve
survival by indicating when dose adjustments or alternative treatments are needed.7

Recently, there has been growing interest in the effects of the C677T and A1298C on the survival of pa-
tients with cancer. Most studies have focused on the survival of pediatric acute lymphoblastic leukemia
(ALL),5, 16-18 osteosarcoma,19 adult NHL,7 and colorectal cancer (CRC),20-24 whereas the relationships bet-
ween clinical outcome and folate pathway gene variants in pediatric NHL have been poorly investigated.
Therefore, the main purpose of the present retrospective study was to evaluate the influence of the C677T
and A1298C polymorphisms on the survival of pediatric NHL treated according to the modified NHL-BFM
(Berlin-Frankfurt-Münster) 95 protocol.

2. METHODS

2.1 Patients and chemotherapeutic regimens

We searched the Sun Yat-sen University Cancer Center (SYSUCC) database. The inclusion criteria were: (1)
aged [?] 18 years; (2) newly diagnosed as the four main categories of NHL between 2014 and 2020; (3) treated
according to the modified BFM95 protocol. At diagnosis, patients were staged using the new International
Pediatric NHL Staging System (IPNHLSS).25 Based on the clinicopathological features, including stage, sur-
gical outcomes before chemotherapy, LDH (lactate dehydrogenase) levels, pathological subtype and involved
organs, patients with BL/DLBCL and ALCL were stratified into four risk groups: very low, low, intermedi-
ate, and high; patients with LBL were stratified into low-, intermediate- and high-risk groups according to
their stage, genotype, immunophenotyped, and response to induction therapy. This study was approved by
the SYSUCC Institutional Review Board and the Research Ethics Committee (IRB: B2020-160-01).

2.2 Genotypic polymorphism

MTHFR genetic variations were detected by PCR following Sanger sequencing. The PCR was performed
as follows: 94 degC for 5 min, followed by 94 degC for 30 s, 58 degC for 30 s, and 72 degC for 30 s
for 32 cycles, and a final extension at 72degC for 10 min. MTHFR c.677C > T and c.1298 A > C were
246 bp and 256 bp, respectively. The sequences of the primers used were as follows: c.677C>T, forward:
5’-TGCCCAGTCCCTGTGGTCTC-3’, reverse: 5’-GGCAAGTGATGCCCATGTCG-3’; c.1298A>C, for-
ward: 5’-TTTGGGGAGCTGAAGGACTA-3’, reverse: 5’-ACAGGATGGGGAAGTCACAG-3’. The geno-
types are presented in Fig. S1 .

2.3. Follow-up

Progression (PD) before achieving complete remission (CR), relapse after CR, secondary cancer or Langen-
hans cell histiocytosis (LCH), and death due to any cause were evaluated as events. The criterion of PD,
CR and stable disease (SD) was in consistence with the International Pediatric NHL Response Criteria.26

OS time was calculated from the time of initial diagnosis to death; event-free survival (EFS) time was from
the time of initial diagnosis to the first event. Patients who had not died or experienced other events at final
analysis were censored at the last follow-up in May 2020.

2.4 Statistical analyses

Statistical analyses were performed with IBM SPSS Statistics 25.0 software (SPSS Inc. Headquarters,
Chicago, IL, USA). Deviations from the Hardy-Weinberg (H-W) equilibrium of the MTHFR C677T/A1298C
genotypes and the associations between categorical variables were tested using the chi-square test. EFS
and OS were analyzed according to the Kaplan-Meier (K-M) method using the patient follow-up; differ-
ences were compared using the log-rank (Mantel Cox) test. The K-M survival curves were plotted using
GraphPad Prism 8.0 (GraphPad Software, San Diego, CA, USA). P -values < 0.05 were considered sig-
nificant. All data in our study have been recorded at SYSUCC for future reference (RDDA2020001559,
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https://www.researchdata.org.cn).

3. RESULTS

3.1 Patient characteristics

The clinical characteristics of the investigated group are presented inTABLE 1 . We reviewed a total of 374
pediatric patients with the four NHL subtypes; the median age was 9 years (range, 1–18 years). There were
283 male (75.7%) and 91 female patients (24.3%). The majority of patients were diagnosed as BL (n = 180;
48.1%) and LBL (n = 95; 25.4%); the remaining patients were diagnosed as ALCL (n = 64; 17.1%) and
DLBCL (n = 35; 9.4%). There were 327 patients (87.4%) at an advanced stage (stage III/IV) at diagnosis;
159 (42.5%) and 152 patients (40.6%) were stratified into the intermediate- and high-risk group, respectively.
At diagnosis, the incidence rate of bone marrow (BM) and central nervous system (CNS) involvement was
18.7% (70 cases) and 9.6% (36 cases), respectively. After BFM 95 chemotherapy, 322 (86.1%) and 9 patients
(2.4%) achieved CR and SD, respectively. Twenty-one patients (5.6%) died. Treatment response evaluation
was not available in 14 patients (3.7%) due to discontinuation of therapy. Of these, eight (2.1%) were still
under treatment at the time of the last follow-up. The median follow-up time was 28.5 months (range, 1–76
months) for all patients. The estimated 5-year EFS and OS were 74.2% and 85.7%, respectively. In total,
events were recorded for 82 patients (21.9%), including PD (n = 29; 7.6%), relapse (n = 31; 8.3%), secondary
malignancy or LCH (n = 4; 1.1%), and death (n = 42; 11.2%). Some patients had >1 type of event. Among
the four cases with secondary malignancy or LCH, one female patient with BL and one male patient with B
cell-LBL (B-LBL) (CNS-positive) were diagnosed as secondary acute myeloid leukemia (AML-M5) 2 months
and 36 months after achieving CR, respectively. They both then died of cancer. One male patient with
DLBCL was diagnosed as B cell ALL (B-ALL) (Ph+), and another male patient with T cell LBL (T-LBL)
was diagnosed as LCH 15 months and 26 months after achieving CR, respectively. They were both alive and
were under chemotherapy at the last follow-up date.

3.2 Correlation between MTHFR C677T/A1298C and clinicopathologic characteristics of pe-
diatric patients with NHL

Among the whole group, 158 patients (42.2%) were genotyped with relation to polymorphisms C677T and
A1298C. However, MTHFR A1298C sequencing failed in four patients. No significant differences were
found in the clinicopathological features between the two subgroups with or without MTHFR genotyping
(TABLE 1). Both the C677T and A1298T alleles exhibited the H-W equilibrium in the studied population
(677C > T variant: χ2 = 0.3326, P= 0.5641; 1298A > C variant: χ2 = 0.1010, P = 0.7506). Over
half of the patients (83/158; 52.5%) carried the C677T wild-type genotype (CC), while 61/158 (38.6 %)
and 14/158 patients (8.9%) carried the heterozygous (CT) and homozygous (TT) genotype, respectively.
For the A1298C polymorphism, wild-type (AA), heterozygous (CT) and homozygous (TT) genotypes were
observed in 96/154 (62.3 %), 52/154 (33.8 %) and 6/154 patients (3.9 %), respectively. Interestingly, all
patients with 677TT (n = 14) exhibited the wild-type 1298AA genotype. TABLE 2 shows the correlation
between the C677T/A1298C polymorphisms and the clinicopathologic characteristics of pediatric patients
with NHL. C677T showed a correlation with the incidence of all events (P = 0.042). A1298C was found to
be significantly associated with NHL subtype (P = 0.045).

3.3 Influence of MTHFR C677T/A1298C on the survival of pediatric NHL

The median follow-up time was 37 months (range, 1–73 months) for the subgroup of genotyped patients (n =
158). K-M analysis comparing EFS for the C677T genotypes showed significant differences (P = 0.048; Fig.
1A.). The estimated 5-year EFS rate for patients with the CC, CT, and TT genotype was 68.0%, 87.7%, and
78.6%, respectively. Pairwise comparisons suggested that there was a significant difference only between the
CC and CT genotypes (P = 0.013). When the whole subgroup of NHL cases with C677T sequencing was
stratified into wild-type and mutant (677T carrier) groups, K-M analysis showed that 677T carriers had a
better estimated 5-year EFS rate than those with the wild-type genotype (85.9% vs. 68.0%; P = 0.020; Fig.
1B.). Although no significant difference in OS was found between patients with C677T genotypes (P = 0.495
or P = 0.312; Figs. 1C and 1D), similar to EFS, 677T carriers also had a slightly better 5-year OS rate than
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those with the wild-type genotype (89.8% vs. 82.4%; P = 0.312; Fig. 1D). The A1298C polymorphism did
not influence the survival of pediatric patients with NHL (Fig. S2A–D). Patients with different genotypes
had similar 5-year EFS and OS rate.

Considering that BL and DLBCL are mature B cell NHL, which have the same criteria for risk stratification
and treatment regimens but which differ from LBL and ALCL, the NHL subtype might be a confounding
factor in analyzing the influence of MTHFR on the whole group of NHL. Accordingly, we performed K-M
survival analysis in three subtype groups: BL/DLBCL (n = 81), LBL (n = 45), and ALCL (n = 32). The
results indicate that patients with BL/DLBCL carrying the heterozygous C677T genotype had the highest
rates for 5-year EFS (97.1%, Fig. 2A) and 5-year OS (100%, Fig. 2C) and that T carriers were associated
with better EFS and OS rates (Figs. 2B and 2D). However, no significant difference was found in EFS and
OS among the A1298C genotypes (Fig. S3). Both the C677T and A1298C polymorphisms did not have any
impact on the EFS and OS in patients with LBL and ALCL.

3.4 Other prognostic factors for the survival of pediatric NHL

K-M analysis was also performed to investigate the impact of other clinicopathological features on the survival
of pediatric NHL. NHL subtype, CNS involvement, stage, and risk were significantly associated with EFS or
OS. Despite there being no significant difference in 5-year OS rate among the four NHL subtypes (BL, 85.9%;
DLBCL, 96.4%; LBL 83.5%; ALCL,84.6%; P =0.404;Fig. 3B), the 5-year EFS rate (P = 0.013; Fig. 3A)
in ALCL (49.0%) was remarkably lower than that in BL (79.0%; P = 0.021), DLBCL (87.4%; P = 0.005),
and LBL (76.7%; P = 0.006). Patients with CNS involvement at diagnosis had a similar 5-year EFS rate
(74.7% vs. 69.0%; P = 0.115; Fig. 3C), but had a significantly lower 5-year OS rate (68.5% vs. 87.6%; P =
0.004; Fig. 3D) than those without. Significant differences were found for both the 5-year EFS rate (89.0%
vs. 72.2%;P = 0.011;Fig. 4A) and OS rate (100% vs. 83.7%;P = 0.013;Fig. 4B) between patients with early
(stage I/II) and advanced (stage III/IV) disease. Patients with early-stage disease had better survival than
those with advanced -stage disease. Similarly, the very low/low-risk group had significantly better survival
than the intermediate/high-risk group: the 5-year EFS rate was 91.3% and 70.8% (P = 0.002; Fig. 4C),
respectively, and the 5-year OS rate was 98.3% and 83.0% (P = 0.009; Fig. 4D), respectively.

4. DISCUSSION

We enrolled a homogenous group of 374 children diagnosed with the four main NHL subtypes and who
were treated with modified BFM 95 regimens over the past 6 years in south China. Compared to many
studies, our sample number was not small for survival analysis. The sex ratio was approximately 3:1,
with more males than females. BL and LBL were observed more frequently than DLBCL and ALCL. At
diagnosis, the dominant majority of patients had advanced-stage disease and were stratified into intermediate-
or high-risk group. The incidence rate of BM involvement was about twice that of CNS involvement.
Generally, others have reported similar clinical characteristics of pediatric NHL in both white and Asian
population.1, 27-31 Overall, the patients responded well to the chemotherapy regimens at our center. The
rates of CR (86.1%), 5-year EFS (74.2%) and OS (85.7%) rate in the whole group were comparable to that of
different working groups.1, 32, 33 Although less than half of the patients in the present study were genotyped
for the C677T/A1298C polymorphism, the subgroup of 158 genotyped patients could be considered as a
representative sample of the whole group of pediatric NHL, as no significant difference was found in any
clinicopathological characteristics between the two subgroups with or without MTHFR genotyping (TABLE
1). In this analysis, both C677T and A1298C alleles were in H-W equilibrium. The mutation rate of C677T
was slightly greater than that of A1298C (47.5% vs. 37.7%). C677T genotype frequencies were similar
to that of other reports in Asian pediatric patients with NHL.34, 35 Data on A1298C are limited in Asia.
However, some studies on North American and European children with NHL reported a higher mutation rate
of C677T and A1298C.27, 36 Therefore, we confirm the high regional and geo-graphic variability of MTHFR
polymorphism prevalence in previous publications. 8 The distribution of A1298C genotypes was significantly
different among the NHL subtypes (TABLE 2,P = 0.045); patients with DLBCL had the highest mutation
rate (58.3%), while patients with LBL had the lowest rate (28.9%).
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The influence of MTHFR C677T/A1298C on the survival of patients with cancer (non-hematologic and
hematologic malignancy) has attracted great attention from researchers. Regarding adult solid cancers,
available evidence on CRC is conflicting; different studies have reported that both C677T and A1298C could
be a positive or negative prognostic factor or have no effects on survival of patients with CRC.20-24 No
significant differences in the OS were found among the wild-type 677CC and variant CT/TT genotypes in
patients with glioma.37 Martha et al. reported that both the C677T and A1298C polymorphisms were not
significantly associated with risk of death, but that the 677T variant allele may adversely affect long-term
survival in advanced breast cancer.38Lambrecht et al. found that the homozygous 677TT genotype was
associated with a higher relapse rate but was not predictive for OS in pediatric osteosarcoma.39 Similarly,
Xie et al. suggested that genetic polymorphism of MTHFR C677T in the MTX metabolic pathway had
no obvious effect on progression-free survival and tumor necrosis rate in sarcoma (age range, 5-52 years).
40 For hematological malignancy, early studies on childhood ALL have reported controversial results.16-18

However, a recent review concluded that there was no association or opposite effects in the majority of
published data, and that these two polymorphisms are not suitable predictors of outcome in pediatric ALL.
5However, the MTHFR 677TT homozygous genotype has been associated with shorter survival in patients
with myelodysplastic syndromes41.

Only a few studies have investigated the influence of the C677T and A1298C polymorphisms on the survival
of patients with NHL, with controversial results, and there is a particular lack of evidence on A1298C. In
an Italian retrospective study with a total of 110 adult patients with NHL treated according to CHOP (cy-
clophosphamide, doxorubicin hydrochloride, vincristine sulfate, prednisone) or MACOP-B (methotrexate,
doxorubicin, cyclophosphamide, vincristine, prednisone, bleomycin) protocol, survival analysis (log-ranks)
implied that 677T carriers had a significant reduced probability of 5-year EFS in the whole group and in
the MACOP-B–treated group (n = 68). The difference was more obvious when 1298CC cases were excluded
from the reference group. However, no significant correlations were identified in the CHOP- treated group(n
= 42).7 D’Angelo et al. also found that 677T carriers could have increased risk of relapse and reduced
disease-free survival compared with wild-type patients in Caucasian and European children or adolescent
NHL treated with LNH-97 and EURO LB-02 multiagent chemotherapy protocols developed by the AIEOP
(Associazione Italiana di Ematologia e Oncologia Pediatrica).27 The multicenter NHL-BFM95 trial, involv-
ing centers in Austria, Germany, and Switzerland (n = 484), determined that the MTHFR 677 C > T
polymorphism was not associated with clinical characteristics (sex, age, tumor stage) and did not appear to
influence EFS in pediatric patients with NHL.36

However, in our study, the C677T polymorphism was associated with all-events incidence. Patients carrying
the wild-type were more likely to experience events. Moreover, K-M survival analysis revealed that 677T
allele could significantly increase the probability of 5-year EFS and was associated with a non-significant
increased probability of 5-year OS. Therefore, the 677T variant allele might have played a protective role in
the survival of childhood NHL in the present analysis. The influence of T variant allele on survival was more
obvious when only BL/DLBCL were included in K-M analysis. As no significant difference was found when
only LBL or ALCL were included, we assumed that the significant differences in the whole group of NHL
resulted from the large proportion of BL/DLBCL cases (n = 81, 51.3%). Furthermore, we speculated that
cancer type, age, treatment regimens, and particularly ethnicity might account in part for the discrepant
results. A large meta-analysis concluded that the C677T polymorphism showed a statistically significantly
increased risk for whites, but a decreased risk for Asians6. Therefore, it is also possible that the C677T
polymorphism has an opposite influence on the survival of European and Chinese pediatric NHL even when
patients are treated using the same chemotherapy protocol. The reduced MTHFR activity due to the 677T
variant allele might have positive effects on survival of pediatric NHL in the Chinese population.

Interestingly, the A1298C polymorphism has been associated with increased NHL risk for in Asians.6 In
the present study, except for NHL subtype, no significant associations of A1298C in clinical characteris-
tics (age, sex, stage, risk, BM/CNS involvement) and outcome (EFS and OS) could be detected. How-
ever, a fact that should not be neglected is that MTHFR enzymatic activity is affected by the A1298C
polymorphism to a lesser extent than by C677T, and the remaining activity in the 1298CC homozygous
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genotype still represents 60% of the normal status despite of the substitution of glutamate for alanine in
the amino acid sequence.5, 9, 10 Furthermore, due to partial linkage disequilibrium, it is possible, but indeed
very rare, for 677T and 1298C variant alleles in cis to coexist, supporting the hypothesis that triple muta-
tions (677TT/1298AC or 677CT/1298CC) or double homozygous conditions (677TT/1298CC) are probably
de novo recombinant events.42 In the present study, virtually all patients with 677TT (n = 14) had the
wild-type 1298AA genotype. For these reasons, it was difficult to observe a clear allele–dosage effect for the
variant 1298C being better accounted for in homozygous conditions. This could partly explain the lack of
significant associations between the A1298C polymorphism and survival in our study, base on the difficulty
in determining the effects of 1298 variant itself on survival.

Our results indicated that patients with ALCL had a significantly higher probability of experiencing events
than patients with the other three subtypes, while patients with DLBCL had a relatively superior survival.
Overall, patients with ALCL have inferior EFS compared to the other three types.1, 30, 43 Besides, we found
that age, sex, and BM involvement did not affect survival, but CNS involvement, advanced stage, and
intermediate/high risk predicted inferior survival in pediatric NHL. Similarly, a report from BFM Group
study NHL-BFM95 (n = 505; age range, 1.4–19.7 years) revealed that CNS-positive patients had remarkably
lower 3-year EFS compared to the whole group (69% vs. 89%), and that stage and risk were adversely
associated with 3-year EFS.31 Besides, a large multicenter retrospective study of 749 pediatric patients
with NHL in east Asia suggested that BM involvement does not affect treatment outcome, while CNS
involvement and advanced stage ([?] stage III) were associated with poor outcomes (P < 0.05).30 More
recently, Choeyprasert et al. identified advanced disease stage as a significant poor prognostic factor for
5-year EFS of pediatric NHL in Thailand.29

We are aware of the limitations of our study, given the retrospective nature and relatively small sample size
enrolled for analyzing the influence of MTHFR on the survival of pediatric NHL. Moreover, not all newly
diagnosed pediatric NHL at our center during the study period were included for analysis, as a small group
of them did not receive modified BFM 95 regimens, but were alternatively treated with an adult protocol
such as the R(rituximab)-CHOP regimen.

In conclusion, we found that the MTHFR C677T polymorphism and some clinicopathological characteristics
including, NHL subtype, CNS involvement, stage, and risk at diagnosis, are significantly related to the sur-
vival of pediatric patients with NHL treated with modified BFM 95 regimens. The 677T allele could increase
the probability of 5-year EFS and 5-year OS. No evidence showed that the MTHFR A1298C polymorphism
influenced the EFS or OS rate in pediatric patients with NHL. Further larger studies are encouraged to
verify these results properly.
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Legends

Figure 1. Kaplan-Meier analysis of event-free survival (EFS) and overall survival (OS) in the subgroup
of pediatric NHL with genotype of the C677T polymorphism (n = 158). WT, wild genotype (CC); Mut,
mutant genotype (CT/TT).

A. The 5-year EFS rate for CC, CT, and TT genotype was 68.0%, 87.7%, and 78.6%, respectively; CC/CT:
P = 0.013; CC/TT: P = 0.633; CT/TT: P = 0.306;

B. Patients carrying mutant genotype had a significantly higher 5-year EFS rate than those with wild type
(85.9% vs. 68.0%);

C-D. No significant difference was found in OS among different genotypes.

Figure 2. Kaplan-Meier analysis of event-free survival (EFS) and overall survival (OS) in the subgroup of
pediatric BL and DLBCL with genotype of the C677T polymorphism (n = 81). WT, wild genotype (CC);
Mut, mutant genotype (CT/TT).

A. The 5-year EFS rate for CC, CT, and TT genotype was 70.3%, 97.1%, and 85.7%, respectively; CC/CT:
P = 0.004; CC/TT: P = 0.511; CT/TT: P = 0.210;

B. Patients carrying mutant genotype had a significantly higher 5-year EFS rate than those with wild type
(95.1% vs. 70.3%);
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C. The 5-year OS rate for CC, CT, and TT genotype was 81.9%, 100%, and 83.3%, respectively; CC/CT: P
= 0.010; CC/TT: P = 0.779; CT/TT: P = 0.021;

D. Patients carrying mutant genotype had a significantly higher 5-year OS rate than those with wild type
(97.4% vs. 81.9%).

Figure 3. Kaplan-Meier analysis of event-free survival (EFS) and overall survival (OS) in the whole group
of pediatric NHL stratified by cancer type (A-B) and CNS involvement (C-D) (n = 374). CNS, central
nervous system.

A. The 5-year EFS rate in ALCL (49.0%) was significantly lower than that in BL (79.0%; P = 0.021),
DLBCL (87.4%; P=0.005), and LBL (76.7%; P = 0.006);

B. There was no significant difference in 5-year OS rate among the four NHL subtypes (BL, 85.9%; LBL
83.5%; ALCL,84.6%; DLBCL, 96.4%);

C. Patients with CNS involvement at diagnosis had a similar 5-year EFS rate with those without (74.7% vs.
69.0%);

D. Patients with CNS involvement at diagnosis had a significantly lower 5-year OS rate than those without
(68.5% vs. 87.6%).

Figure 4. Kaplan-Meier analysis of event-free survival (EFS) and overall survival (OS) in the whole group
of pediatric NHL stratified by stage (A-B) and risk (C-D) (n = 374). Early, stage I &II; advanced, stage III
& IV.

A. The 5-year EFS rate of patients at advanced stage was significantly lower than that at early stage (89.0%
vs. 72.2%);

B. The 5-year OS rate of patients at advanced stage was significantly lower than that at early stage (100%
vs. 83.7%);

C. The 5-year EFS rate of intermediate-/high-risk patients was significantly lower than that of very low-
/low-risk (91.3% vs. 70.8%);

D. The 5-year OS rate of intermediate-/high-risk patients was significantly lower than that of very low-/low-
risk (98.3% vs. 83.0%).

Figure S1. Genetic variations of MTHFR C677T(A-C) and A1298C (D-F) were detected by PCR following
Sanger sequencing.

Figure S2. Kaplan-Meier analysis of event-free survival (EFS) and overall survival (OS) in the subgroup
of pediatric NHL with genotype of the A1298C polymorphism (n =154). WT, wild genotype (AA); Mut,
mutant genotype (AC/CC). No significant difference was found in EFS and OS among different genotypes.

Figure S3. Kaplan-Meier analysis of event-free survival (EFS) and overall survival (OS) in the subgroup
of pediatric BL and DLBCL with genotype of the A1298C polymorphism (n = 78). WT, wild genotype
(AA); Mut, mutant genotype (AC/CC). No significant difference was found in EFS and OS among different
genotypes.
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